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Current discussion of papers sponsored by the Construction Di- 
vision is presented as follows: 


Number Page 


226 Development of the Chemical and Allied Industry 
in the South 
(Published in July, 1953. Discussion closed) 


400 The Function of the Laboratory in Engineering 
Construction 
(Published in February, 1954. Discussion closed) 


Reprints from this publication may be made on condition that the full 
title of paper, name of author, page reference (or paper number), 
and date of publication by the Society are given. 


The Society is not responsible for any statement made or opinion 
expressed in its publications. 


This paper was published at 1745 S. State Street, Ann Arbor, Mich., 
by the American Society of Civil Engineers. Editorial and General 
Offices are at 33 West Thirty-Ninth Street, New York 18, N.Y. 
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DEVELOPMENT OF THE CHEMICAL AND ALLIED 
INDUSTRY IN THE SOUTH 
PROCEEDINGS-SE PARATE NO. 226 


C. O. HOYER:}—The writer finds no point of controversy in Mr. Kamp- 
meier’s discussion. No questions were raised, and further expository 
material is not required. Hence, no further comment will be added. 


1. Director of Eng., The Chemstrand Corp., Decatur, Ala. 
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THE FUNCTION OF THE LABORATORY IN 
ENGINEERING CONSTRUCTION 
PROCEEDINGS-SEPARATE NO. 400 


JOHN C. SPRAGUE,’ A. M. ASCE.—Mr. Nelson has scaled the range 
of laboratory testing from investigational research, thru informational 
tests, to acceptance testing and inspection of the end product. The exist- 
ence of such organizations as the American Society for Testing Materi- 
als, the American Standards Association, local and national specifica- 
tion bodies and a multitude of testing laboratories is living evidence of 
the need for testing materials of construction. 

Investigational testing circumscribes knowledge relating to the uses, 
properties, limitations, requirements and practicable means of testing 
engineering materials. It has enhanced our knowledge of the principles 
relating to the properties of construction materials and the effects of 
combination with one another. Such applied research should have well 
understood purposes and produce clear-cut results, with the end result 
being a well-defined test procedure which is definitive and easily 
repeated. 

The value of informational tests is attested to every time the engineer 
refers to the resulting data in choosing methods and materials to fit in- 
to his planning. When he writes the specifications covering materials of 
construction, in dealing with comparative costs and relative quality of 
materials, in evaluating their strength and durabliity, recourse must 
necessarily be had to information on the test results obtained with the 
materials and methods and processes to be compared. Simulated ser- 
vice testing is an important part of informational testing, and has been 
discussed in broad terms by S. A. Gordon.® 

Acceptance or control testing is of course essential in connection 
with enforcing the specifications. The consumer should be in position 
to insure that he is getting what he is paying for - and the producer 
should know at all times that he is placing in the final product that which 
he contracted to do, no more and no less. Results of acceptance tests 
should be treated with due recognition of their inherent limitations. 
They have important functions but they are not precise nor universal in 
their applicability. A classic example of the improper use of an accept- 
ance test has come to my attention on several occasions. At various 
times during my career, and other engineers have had the same experi- 
ence, I have seen testing personnel condemn a section of concrete when 
the compressive strength of one standard cylinder was only slightly 
lower than that stipulated. In one instance the recorded strength was 


2. Director, Div. Lab., South Atlantic Div., Corps of Engrs., U.S. Dept. 
of the Army, Marietta, Ga. 

3. “The Philosophy of Simulated Service Testing,” by S. A. Gordon, 
ASTM Bulletin, October 1953. 
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“only” 2999 psi instead of the specified minimum of 3000 psi! That is 
one extreme example but it typifies something which happens all too 
often - poor judgement exercised in the interpretation of test results. 

In the first place standard procedure permits a tolerance of 1 per cent 
in the accuracy of the testing machine which, in this instance, could 
have affected the apparent result as much’as 30 psi, plus or minus. For 
dispersion and standard deviation normally experienced with concrete 
test specimens, about half of them will fall on each side of the average; 
hence a minimum of two companion specimens, and preferably three, 
should constitute a sample. Reporting such data to the nearest 10 psi is 
indicated for obvious reasons. This is analogous to the condition sur- 
rounding practically every acceptance test. Due regard must be made 
for reproducibility of results and judicious interpretations made. Other- 
wise the supplier may be unjustly penalized or the consumer may not 
get what he contracted for. Statistical analysis is used to some extent 
as a tool for helping to avoid such occurrences. It should be used much 
more extensively than it is at present. It would be absurd to condemn a 
cement because it showed a specific surface on one determination of, 
say, 2975 sq cm/gm instead of the specified minimum of 3000 sq cm/gm, 
when the coefficient of variation in such a test on this material approxi- 
mates three-quarters of one per cent. Conversely, it would not be ex- 
pected that this cement would be approved on strength when the coeffi- 
cient of variation approximates 2 per cent but the strength is only 1400 
psi instead of the minimum 1500 psi specified. 

In order to be realistic about testing of materials, whether it be inves- 
tigational testing or acceptance tests, this philosophy should prevail. It 
cannot be expected that a given accelerated freeze-thaw test result for 
measuring the durability of a given combination of aggregates in a con- 
crete mix can be reproduced much closer than about 20 per cent; at the 
other extreme the iead content of a typical paint is susceptible to a prac- 
ticable limit of error of less thz.n 1 per cent. Since it is impractical to 
test the whole of a given commodity, it is important to know in a given 
case how large the error in the average of the sample may be expected 
to be, or how many samples should be tested in order that their average 
may not vary more than an acceptable amount from the true value. In 
the more complex materials correlation between test results and per- 
formance of the material in service can be expected only if the changes 
that the material has undergone during the test are similar to the 
changes that it is expected to undergo in service. The accelerated 
freeze-thaw test is a case in point; also, the significance of the elastic 
and inelactic behavior of materials - as opposed to their simple strength 
characteristics - is becoming a more and more important consideration. 

As Mr. Nelson has pointed out, the functions of the laboratory as re- 
lated to engineering materials are many and varied and he has mentioned 
several which are subjected to physical and chemical tests. Microscopic 
analyses is assuming increasing significance in this field. For example, 
the petrographic analysis of an aggregate proposed for use in concrete 
can very quickly determine whether it is obviously suitable or unsuitable, 
thus saving a great deal of time and expense which would otherwise be 
expended on the more protracted physical and chemical tests to 
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eliminate such materials from further consideration. The alkali- 
aggregate reaction tests fall into the same category, as do certain 
thermal tests. Sometimes simple preliminary tests on engineering soils 
preclude the necessity of conducting exhaustive tests on a material 
which would prove unsatisfactory anyway in the end; in the event they 
reveal the material as probably satisfactory they serve to type the soil, 
estimate its probable range of structural properties and indicate what 
follow-up tests should be conducted. The final acceptance testing and 
inspection details of concrete and bituminous materials are well covered 
in the literature; reference is made to a recent paper‘ which gives a 
fairly complete description of some control tests required for construc- 
tion with engineering soils. 

Most laboratory tests, because they are necessarily accelerated 
tests made on relatively small samples, produce relative rather than 
absolute results. The mechanical test on a conventional concrete speci- 
men, for example, does not necessarily reflect actual strength in the 
structure but indicates the relative quality of materials in that particu- 
lar specimen, as compared with other materials tested in similar speci- 
mens. By the same token the accelerated freeze-thaw test serves pri- 
marily as a yardstick for comparing the durability of one combination 
of concreting materials with that of another combination. Again, although 
soils are only imperfectly elastic, the elastic theory is considered fea- 
sible in connection with the determination of magnitude of stresses pro- 
duced within a soil mass by a superimposed load. Geometrical propor- 
tions, exposure conditions, age, rate and method of load application and 
many other factors make it impracticable to obtain other than compara- 
tive results by laboratory tests. In spite of these limiting conditions, 
however, laboratory tests are becoming increasingly important tools of 
the engineer. He is in better position to properly interpret the signifi- 
cance of the inter-related results obtained from a given set of test daia 
and thus arrive at a better evaluation of the optimum combination of 
materials for a given structure, or portion thereof. Thus, testing of 
materials of construction has helped to establish an optimum balance 
between immediate and long range economic considerations. Aristotle 
observed that it is the mark of an instructed mind to rest satisfied with 
that degree of precision which the nature of the subject admits, and not 
to seek exactness where only an approximation of the truth is possible 
and/or acceptable. 


4. “Control of Embankment Material by Laboratory Testing,” by 
F. C. Walker & W. G. Holtz, Transactions, ASCE, Vol. 118, 1953. 
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